Background
Introduction
Invasive cervical cancer (ICC) is the leading cause of cancer mortality among women in subSaharan Africa (SSA) with approximately 99,000 new cases and 57,400 deaths in 2012 [1, 2] . The high burden of ICC in SSA is due to low awareness about screening, limited healthcare infrastructure and a paucity of cost-effective screening programs [3] . In addition, the expanding number of women living with human immunodeficiency virus (HIV) and human papillomavirus (HPV) co-infection is thought to have had a significant impact on the increasing number of ICC cases [4] . Approximately 70% of the 36.9 million people living with HIV globally are in SSA [5] , and Cameroon has the highest HIV prevalence in West and Central Africa [6] . Furthermore, owing to certain increased susceptibilities, women make up the majority of the HIV seropositive population in Africa [7] , and nearly 40% of HIV seropositive women without visible cervical abnormalities test positive for HPV infection, thus increasing their risk for developing cervical intraepithelial neoplasia (CIN) or ICC [8] .
Despite their relative increased risk, less than 19% of women in developing countries have been screened for CIN even once in their lifetime [9] . This is a missed opportunity as screening a woman with visual inspection with acetic acid (VIA) just once between the ages of 30 and 49 has been shown to decrease her lifetime risk of developing ICC by 26% [10] . Many developing countries report rates of VIA-positivity in order to reflect burden of pre-cancerous lesions [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] ; however, the data regarding VIA-positivity in Cameroon is limited. Only two small studies have addressed this issue, and report VIA-positive rates of 12.9% and 21.7% [27, 28] . Additionally, ICC is reported as the second leading cause of cancer mortality and incidence among women in Cameroon by GLOBOCAN 2012 from the International Agency for Research on Cancer (IARC) (17.5 deaths per 100,000 per year and 30.0 cases per 100,000 per year) [2] . However, this may be an underestimation due to the lack of specific country-level data on cervical cancer screening and the absence of a national cancer registry [1, 9, 29] . The quality of Funding: The WHP has received financial support from the Cameroon Health and Education Fund (http://cameroonhealthandeducationfund.com/chef) and the Elizabeth Glaser Pediatric AIDS Foundation (www.pedaids.org) to provide the services described in this paper. This evaluation and quality improvement project was supported in part by the National Center for Advancing Translational Sciences of the National Institutes of Health (NIH) under award number UL1TR000161. The content is solely the responsibility of the authors and does not necessarily represent official views of the NIH. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. data included in these worldwide analyses varies by country and in an evaluation of countryspecific GLOBOCAN 2012 data, Cameroon received a score of E6 on a scale of excellent (A1) to poor (G6) [30] . As such there is a need for more data describing rates of VIA-positivity and ICC in Cameroon.
Cervical cancer screening is not provided routinely in the public health system utilized by the majority of the Cameroonian population [31] . Therefore there is an urgent need for large scale, sustainable cervical cancer screening programs throughout the country. In 2007, the Cameroon Baptist Convention Health Services (CBCHS), a faith-based healthcare organization, founded the Women's Health Program (WHP) and began to provide World Health Organization (WHO)-endorsed screen-and-treat cervical cancer screening using a fee-for-service model [32] . Utilizing a clinical database of 44,979 women screened for cervical cancer by the CBCHS WHP from 2007 through 2014, we (i) describe the prevalence and predictors of positive visual inspection with acetic acid enhanced by digital cervicography (VIA-DC) screen, (ii) document rates of same day treatment in women with pre-cancerous lesions and (iii) describe cohort prevalence of ICC in a large scale screening program in Cameroon.
Materials and Methods Procedure
The Institutional Review Boards at University of Massachusetts Medical School (UMMS) and Cameroon Baptist Convention Health Services approved this project. The informed consent requirement was waived for this retrospective chart review. The patient records were de-identified and analyzed anonymously.
The WHP procedure for cervical cancer screening was modeled after the Cervical Cancer Prevention Program in Zambia (CCPPZ), a regional leader in implementing screening programs based on VIA-DC [14] . This technique employs a commercial brand digital camera projecting magnified, real-time images of the cervix onto a television monitor visible to both patient and provider. Permanent photographs of the cervix (cervicographs) are then stored to assist with quality control and patient/provider education [33] . All screening done by WHP was performed by nurse clinicians according to standard protocol as outlined by the IARC [34] . The procedure began with examination of the external genitalia, followed by a sterile speculum exam of the cervix and upper vagina. Diluted 3-5% acetic acid was then applied to the cervix for 2 minutes, after which visual inspection was performed to assess for acetowhite changes. Cervicographs were taken both before and after application of acetic acid. Following VIA-DC, visual inspection with Lugol's iodine (VILI-DC) was also performed and another cervicograph was obtained. Results of VIA-DC and VILI-DC were classified as negative, positive, uncertain or inadequate. Detection of a distinct opaque acetowhite lesion on the cervix was considered VIA-DC-positive. Results classified as VIA-DC-uncertain included those with nonneoplastic cervical abnormalities confounding VIA-DC interpretation such as cervicitis, severe atrophic changes or difficult-to-diagnose abnormalities. Results classified as inadequate included those where the visible ectocervix was negative for acetowhite changes, but the provider could not visualize the entire squamocolumnar junction (SCJ).
Women with VIA-DC-positive screens were considered eligible for cryotherapy treatment if the cervical lesion met all of the following criteria outlined in WHO guidelines [32, 35] [36] . Nurses communicated histopathologic results to patients and helped to arrange appropriate follow-up treatment.
Cervical cancer screening was offered to women aged 25 years and to women less than age 25, if they were HIV positive. Pregnant women were excluded.
The CBCHS WHP has minimal external funding and no governmental funding. Thus low cost fees, stratified based on the financial status of the community being served, were charged for screening and treatment in order to sustain the program. Often, women who could not afford to pay were screened and treated at no charge or asked to pay later. The WHP offered additional services including clinical breast exam, family planning and treatment of reproductive tract infection.
Setting
Screening was conducted at seven WHP sites in hospitals or health centers located in North West, Littoral, Central and South West regions of Cameroon, encompassing urban (Mboppi Baptist Hospital, Etoug-Ebe Baptist Hospital Yaounde, Nkwen Baptist Health Center), semiurban (Baptist Hospital Mutengene, Banso Baptist Hospital, Kumba Baptist Health Center), and rural referral (Mbingo Baptist Hospital) areas. The catchment area was further broadened through short-term outreach screening clinics.
Data Collection
Nurses or peer educators collected patient data using a structured, paper-based, clinical record. All patient demographic, social, and medical history, including HIV-status, was self-reported. For biopsy and LEEP specimens, a pathology request form was filled at the time of collection and then the Richart CIN histopathologic diagnosis was recorded by a pathologist at the time of reading [36] . All paper records were sent to the CBCHS Regional Training Center in Mutengene for entry into a centralized electronic database. Clinical data from March 2007 through December 2014 were securely transferred to UMMS Department of Quantitative Health Sciences for analysis. Data on inadequate results was not available from 2007 through 2008, because the WHP enrollment form used during those years did not contain an option to report inadequate results. Data from March 2007 through December 2013 did not include detailed information regarding eligibility for same day treatment. In January 2014, the clinical record forms were updated to capture this information. We performed a secondary analysis of data from January 2014 to December 2014 in order to report same day cryotherapy rates.
Histopathology data were only available for women screened from 2007 through 2013 and were not linked to VIA-DC screening data due to inconsistencies in recording of unique patient identifiers. Instances of duplicate patient identifiers were removed from the dataset.
Statistical Analysis
We obtained summary measures (median, proportions, inter-quartile range) for all characteristics for the total sample as well as by VIA-DC status (positive, negative). Kappa statistic demonstrated that there was a strong agreement between VIA-DC and VILI-DC (Κ = 0.927, p 0.001); thus only VIA-DC outcomes were used for analysis. In order to identify factors associated with VIA-DC-positive versus VIA-DC-negative screen, we obtained adjusted odds ratios (AOR) and 95% confidence intervals (CI) from a multivariable logistic regression model with an exchangeable correlation structure to account for the clustering of patients within sites. The covariates included self-reported HIV status (positive, negative, unknown), age (18-29, 30-39, 40-49, 50+), years of education (<8, 8+), marital status (married, single, widowed/separated/divorced), occupation (housewife, formal sector, informal sector, other), screening location (urban, semi-urban, rural referral, mobile clinics), gravidity (0, 1-4, 5+), age at sexual debut (<16, 16-20, 21+) and number of lifetime sexual partners (<2, 2-4, 5+). Two-sided p<0.05 was considered to be significant for all tests. Due to low sample size, only descriptive statistics regarding histologic grade of the tissue specimens are presented. ICC prevalence was not calculated for women of unknown age because histopathology data and VIA-DC screening data were not linked due to inconsistency in recording of unique patient identifiers. Cases missing age/date of birth were not consistent between the two datasets. Statistical analysis was conducted using SPSS Version 22.0.
Results

Prevalence of VIA-DC-positive screen
From March 2007 through December 2014 a total of 46,048 women visited the WHP clinics for health services, and 97.7% (n = 44,979) underwent VIA-DC screening (Fig 1) . Demographic data is presented in Table 1 . The overall VIA-DC-positive rate was 9.0%. The majority of women who underwent cervical cancer screening were VIA-DC-negative (66.8%). A substantial minority (22.0%) screened VIA-DC-inadequate due to incomplete visualization of the transformation zone; annual rates varied from 38.1% to 13.1%. The rate of VIA-DC-inadequate results also varied by age, with women over age 50 having the highest rates of inadequate screens (48.8%) ( Table 2 ). An additional 2.2% of women screened VIA-DC-uncertain due to concurrent reproductive tract infections, severe atrophic changes or difficult-to-diagnose abnormalities that confounded VIA-DC interpretation.
Predictors of VIA-DC-positive screen
HIV-positive women were 1.36 (95%CI: 1.22-1.53) times more likely than HIV-negative women to screen VIA-DC-positive (Table 3 ). Women with 8 or more years of education were 10% less likely to screen positive (OR: 0.90, 95% CI: 0.82-0.98) than those who were less educated. Higher gravidity and risk factors related to high-risk sexual behavior, including younger age at sexual debut and increased number of lifetime sexual partners, were independently associated with VIA-DC-positive screen after adjusting for other covariates. Age, marital status and occupation were not associated with VIA-DC-positive screen.
Treatment uptake
Women who screened VIA-DC-positive were offered same day cryotherapy, biopsy or referral for LEEP depending upon the characteristics and severity of dysplasia of the observed lesion. Data from 2007 through 2013 did not include detailed information regarding eligibility for same day treatment, rates of uptake, or reasons for attrition. In 2014, the data collection form was updated to document eligibility for cryotherapy based on the previously described WHO guidelines. In 2014 alone, 12,191 women underwent VIA-DC screening, and 927 (7.6%) screened VIA-DC-positive (Fig 1) . Of these women, 705 (76.0%) were eligible for same day cryotherapy, 219 (31.1%) underwent same day treatment, and 486 who did not receive same day treatment were asked to return for follow up (Fig 1) . Of the 486 women who did not undergo same day treatment, 54 records (11.1%) included notation regarding reason for delay in treatment. Of those records, 14.8% (n = 8) cited equipment failure (empty carbon dioxide tank, cryotherapy probe out for repair), 25.9% (n = 14) cited desire to discuss treatment with husband/family, 24.1% (n = 13) cited referral for LEEP due to co-morbid genital condyloma, other complicating conditions or patient preference to wait until treatment of another condition was resolved, 33.3% (n = 18) cited deferment of cryotherapy until review of cervicographs by a supervisor, and 1.9% (n = 1) cited inability to pay for procedure. Women who screened VIA-DC-positive, but required LEEP (n = 134) or underwent biopsy due to suspicion for cancer (n = 88) were not eligible for same day treatment. The proportion of women who returned for treatment as counseled is unknown.
Prevalence of invasive cervical cancer
From March 2007 through December 2013, 32,788 women were screened with VIA-DC and 764 specimens were collected from women with VIA-DC-positive and -uncertain screens. Among biopsy and LEEP specimens 14 (1.8%) were negative, 246 (32.2%) were CIN1, 177 (23.2%) were CIN2, 126 (16.5%) were CIN3/carcinoma-in-situ and 201 (26.3%) were ICC ( Table 4 ). Assuming that VIA-DC screening captured all ICC cases among women who visited the WHP for screening from 2007 through 2013, the prevalence was 613 per 100,000 women screened. The majority of ICC cases were in women greater than 50 years and the prevalence of ICC among women screened also increased with age to a high of 1,717 per 100,000 in the over 50 age group (Table 4) .
Discussion
The CBCHS WHP operates the largest cervical cancer screening program in Cameroon, a country with the highest HIV prevalence in Western and Central Africa and where ICC is a major contributor to cancer mortality [2, 6] . From 2007 through 2014, 44 ,979 women, nearly all (97.7%) of those attending WHP clinics, were assessed through a fee-for-service visual inspection screening program. Using this data we i) determined prevalence (9.0%) and predictors of VIA-DC-positive screen (HIV-positivity, young age at sexual debut, higher number of lifetime sexual partners, low education status, higher gravidity), ii) documented rates of same day cryotherapy treatment in 2014 (31.1%), and iii) described the cohort ICC prevalence (613 per 100,000 women screened). Given the large number of women screened and the eight-year data collection period, this analysis provides new and robust insights into the magnitude of cervical pre-cancer and cancer in Cameroon.
Prevalence of VIA-DC-positive screen
The prevalence of VIA-DC-positive screen from 2007 through 2014 was 9.0%. These findings are lower than or similar to two previous studies conducted in Cameroon. Specifically, one study performed from 2001 to 2002 screened 4,813 women, comparing VIA and cytology as screening methods for CIN/ICC, and reported a VIA-positive rate of 21.7%, higher than our finding [28] . A possible explanation for inconsistency in rates between the studies is difference in cohort risk for VIA-positive screen. The aforementioned study lacked risk factor characterization of the sample, for example they did not report HIV-status or lifetime number of sexual partners. If their sample was at increased risk for VIA-positive screen we would expect a higher VIA-positive rate. Another small screening program conducted from 2010 through 2012 evaluated the effectiveness of HPV testing on self-obtained specimens followed by sequential VIA testing and reported a VIA-positive rate of 12.9%, similar to our finding [27] . HIV status was not reported; however, other VIA-positive risk factors were comparable between the studies. Though lower than some previous studies, a rate of 9% VIA-DC-positive screen in a cohort of 44,979 women, stable over a period of eight years, suggests a significant burden of potential cervical cancer cases and highlights the need for expansion of cervical cancer screening and prevention throughout the 10 regions of Cameroon.
The rate of VIA-DC-uncertain screens due to suspected cervicitis, severe atrophic changes or difficult-to-diagnose abnormalities that confounded evaluation of the ectocervix was 2.2% and is overall consistent with other reports in African countries, including Botswana [15] , Kenya [13] , Côte d'Ivoire [12] and Zambia [37] . Other SSA studies did not report rates of VIAconfounded results [19, 23] .
The rate of VIA-DC-inadequate screens was high (22.0%). Although in these cases the ectocervix was negative, the clinician was unable to visualize the entire SCJ. Most screening programs do not include a VIA-DC-inadequate category. For example the CCPPZ classification includes only negative, positive, suspicious for cancer and VIA-uncertain/indeterminate which is designated for those with non-neoplastic cervical abnormalities confounding VIA-DC interpretation such as cervicitis or severe atrophic changes. Thus the CCPPZ classifies a negative ectocervix with a non-visible SCJ as negative [37] whereas the WHP classifies it as VIA-DCinadequate.
The only study that included a category comparable to VIA-DC-inadequate was conducted in Côte d'Ivoire and documented a rate of 2.3% [12] . The lower rate of inadequate screens in the Côte d'Ivoire study is likely due to two factors. First, the women in the Côte d'Ivoire study were younger (Median age = 36, IQR: 31-42 for Côte d'Ivoire vs Median age = 38, IQR: 30-47 for CBCHS) and thus less affected by the normal cervical aging process which includes squamous epithelialization of the cervix that migrates the SCJ up into the endocervical canal [34] . Second, the Côte d'Ivoire study used VIA, not VIA-DC. VIA-DC incorporates a camera into the screening process that, in some cases, complicates or precludes manipulation of the cervix with a cotton tipped applicator to view the entire SCJ. Internal evaluation of the WHP screening process revealed that some portion of VIA-DC-inadequate results was due to lack of technical expertise among trained nurses at manipulating the cervix. For example, the annual VIA-DC-inadequate rate peaked at 38.1% when senior staff were pulled away from screening clinics to work on CBCHS WHP's successful Gardasil HPV vaccination campaign [38] . Following staff training in techniques to expose the SCJ the VIA-DC-inadequate rate dropped to 13.1%, a rate similar to inadequate results documented in colposcopy, a technique that has similar limitations [39] .
In part due to the complications mentioned above, the WHO does not prioritize VIA screening for women over age 50 [32] . In our program, however, a substantial number of women over age 50 screened VIA-DC-positive (5.7%), and they accounted for 152 (30.2%) of all 504 histopathologically confirmed CIN2+ cases. While the rates of VIA-DC positivity were lower for the over 50 age group than any other age group, the prevalence of ICC was higher than any other age group (1,717 per 100,000 women screened). Thus, screening in this age group may provide meaningful clinical benefit, especially if cancer treatment is available. Training clinicians on techniques to better visualize the SCJ in older patients and utilizing an additional screening method such as HPV co-testing, when VIA-DC-inadequate results are found are possible ways to decrease the number of VIA-DC-inadequate screens and better inform treatment decisions.
Predictors of VIA-positive screen
Previous studies have shown that risk factors for VIA-positive screen in developing countries include HIV-positive status [12, 13] , low level of education, high number of lifetime sexual partners, and younger age at sexual debut [37] . Our findings echo these results and indicate that targeting screening toward women in Cameroon with these high risk characteristics may prove particularly beneficial. The association of age with VIA-positive screen varies; some studies have reported lower rates of VIA-positivity with increasing age [13, 37] , others have reported the opposite [17] . In our study, there was a non-significant trend towards lower rates of VIA-positivity with increasing age. A large proportion (48.8%) of women aged over 50 were classified as VIA-DC-inadequate rather than VIA-DC-negative due to incomplete visualization of the SCJ and this may confound the association with age.
Treatment uptake
The WHO screen-and-treat approach is recommended for cervical cancer prevention in developing countries due to its efficacy in decreasing cervical cancer related morbidity and mortality [32, 40] . In addition to low cost, distinct advantages of this method include decreasing the number of patients who are lost to follow up and minimizing cost incurred as a result of needing to recall patients to the clinic. Despite offering same day treatment at all sites, the rate of same day cryotherapy among women who screened VIA-DC-positive at the WHP was only 31.1% in 2014. Rates of same day cryotherapy have been reported to be higher in Zambia (65%) [41] , Ghana (70.2%) [11] , and India (74.8%) [16] . These studies have reported barriers to uptake of same day treatment including need to seek permission from spouse and equipment failure or unavailability [11, 16] . Although we did not quantitatively measure explanations for low utilization of same day treatment, retrospective review of staff notations in the medical records revealed similar reasons. An additional barrier to same day treatment in the WHP was cost. Although only a small percentage of staff notations reported cost as a barrier to same day cryotherapy, nurses were not required to record a reason for non-treatment and consequently this barrier is likely underreported. Informal discussion with WHP nurses regarding reasons for same day cryotherapy refusal included cost as a major factor. Our evaluation highlights that a VIA-DC-positive screen does not result in reflexive uptake of same day cryotherapy, especially in the face of health system challenges (equipment failure was reported by 14.8% while 33.3% reported need for review of cervicogragraphs by a supervisor who may not have been immediately available), cultural demands (25.9% reported need to discuss treatment with family members) and separate payment for the procedure. These factors undermine the WHO-endorsed screen-and-treat approach in this setting and intimate that strengthening the health system and restructuring the payment scheme might improve same day treatment of VIA-DC-positive lesions.
Prevalence of invasive cervical cancer
The 5-year age-standardized prevalence of ICC in Cameroon, as estimated by GLOBOCAN 2012 analysis from the IARC, is 80.7 per 100,000 [2] . Due to the absence of a national cancer registry and low quality of source data, current GLOBOCAN estimates may not accurately reflect the ICC burden in Cameroon [29, 30] . Despite its limitations discussed below, in the absence of a robust and rigorous dataset from which population-based ICC prevalence is calculated, data from a large-scale screening program such as the CBCHS WHP may provide additional insight into the burden of ICC in Cameroon.
The prevalence of ICC in women screened by the CBCHS WHP from 2007 through 2013 was 613 per 100,000. This result is not age-standardized and therefore not comparable with population level data from GLOBOCAN. Nevertheless, the cohort specific ICC prevalence is high. This is likely due in part to selection bias; women who self-presented or who were referred to cervical cancer screening were more likely to have gynecologic symptoms or risk factors for cervical cancer and thus do not represent the general population. In contrast, some women who presented for VIA-DC screening and had lesions eligible for LEEP or biopsy did not receive the recommended procedure and therefore we do not know their true cervical cancer status. Our analysis assumes that these women are cancer-free, but some percentage of these women may have had ICC. In this respect, the cohort prevalence of ICC reported in this manuscript may underestimate the true prevalence of ICC in Cameroon.
Though high, the WHP prevalence of ICC was lower than that reported by the CCPPZ (700 per 100,000). This may be due in part to the difference in self reported HIV prevalence between the two screened groups (11% HIV-positive in Cameroon vs 28% in Zambia) [41] , different prevalence of HIV/AIDS nationally (4.5% vs. 12.7% in 2012) [6] and different rates of male circumcision (94% vs. 21.6%) [42, 43] in Cameroon vs. Zambia as it has been shown that HIV-HPV co-infection may play a synergistic role in development of cervical cancer [44] and that male circumcision reduces the risk of HPV infection substantially [45, 46] .
The prevalence of ICC was associated with age, peaking in women aged over 50. This finding underscores the need for data regarding outcomes of treatment in women diagnosed with ICC in resource poor settings in order to determine whether screening women aged 50 and over is worthwhile.
Limitations
This analysis was a retrospective evaluation of a large-scale, grassroots, fee-for-service cervical cancer screening program. Although this serves as a strength because it provides striking insight into the realities of implementing a nearly self-sustaining program that did not rely on short-term grant funding or expert oversight from a research team, there are limitations that should be addressed to improve the quality of care. Some VIA-DC result categories changed over time and in some cases were not comparable to categories in other studies. The high rate of VIA-DC-inadequate results was in part dependent upon clinician expertise in VIA-DC technique. The HIV status of our patient population was self-reported. The data available regarding treatment uptake is limited. Outcome of treatment decision (same day cryotherapy versus referral) was systematically documented beginning in 2014, but reasons for treatment choice were not systematically reported, leaving the question of specific barriers to treatment answerable only by anecdotal evidence per nurse clinician notes and informal discussion with WHP staff. Data regarding follow-up treatment of cryotherapy eligible lesions was also not available, precluding calculation of attrition rate among women referred for treatment at a later date.
At the time of data analysis, histopathology data was available only for women screened from 2007 through 2013. We believe this delay is an honest reflection of the logistical difficulty of pathologic diagnosis, dissemination of findings and upkeep of an electronic database in this low-resource setting. Since ICC prevalence was calculated from women who self-presented for screening or were referred by other providers, selection bias may have caused over-estimation of the true prevalence. Additionally, removal of cases due to instances of duplicate patient identifiers and lack of pathology specimens on VIA-DC-positive and -uncertain women who did not consent to biopsy or LEEP and were thus lost to follow-up may have caused under-estimation of the true ICC prevalence.
Conclusion
The high rate of VIA-DC-positive results in Cameroon suggests a significant impending burden of ICC cases. The rate of VIA-DC-inadequate (normal ectocervix, but portions of the transformation zone were obscured) screens was high, especially in women aged 50 and over. Training clinicians on techniques to better visualize the SCJ and adding an additional screening method to the protocol in cases of VIA-DC-inadequate results are possible ways to confirm whether these cases are truly negative. In comparison to similar screening programs in SSA, we report low utilization of same day cryotherapy treatment. Further studies are required to characterize possible program specific barriers to treatment, for example cultural demands, health system challenges and cost of procedure. The prevalence of ICC among women who presented for screening was high and requires further investigation.
